In children with nasal symptoms during several months, oftentimes with a chronically relapsing course, allergic rhinitis is one of the most probable diagnoses. This is often complicated with recurrent respiratory infections, as there is a circular causal loop between allergic rhinitis that increases the frequency of respiratory infections and the infections that exacerbate the allergic disease. As a consequence, in these children, the physician should intentionally search for allergic sensitization, in serologic specific IgE testing and/or with skin prick testing. If a possible allergic diathesis is further suspected because of a personal (atopic dermatitis) or a family history of allergic diseases, the search for allergic sensitization should begin at an even earlier age; in several cases, allergic sensitization can already be shown even before the age of two. In my opinion, in highly atopic children as soon as a specific allergic sensitization can be documented that coincide with the presence of symptoms on possible exposure, as obtained from the detailed history, allergen immunotherapy should be offered as an integral part of the treatment. It is very well plausible that the earlier in the development of the allergic disease, we can re-direct the immune system, the better the results. However, in these young allergic children, I only choose sublingual immunotherapy (SLIT), being the option with the best safety profile. In our clinic, we have looked for several ways to improve adherence, which is an issue especially in SLIT. Among the several strategies we implemented are written information on the treatment and the administration schedule with a 20 min explanation by a specialized nurse at start, a flexible, 1-month up-dosing phase to reduce the frequency and intensity of local side effects and reduce the frequently seen flare in nasal symptoms, morning dosing, up-dosing under the cover of an antihistamine and a topical corticosteroid in the evening for 6 weeks, a close follow-up of the children by phone contacts, and an initial follow-up visit at 6 weeks.
Introduction
The vast majority of chronic rhinitis patients among the pediatric age group suffer from allergic rhinitis. As described in the international literature and just recently confirmed for my own country-México-as well, the primary sensitization in young children is to the house dust mite, Dermatophagoides [1] . Moreover, in these children, allergic rhinitis is often of the perennial, intermittent type. Also, it is accompanied in more than half of the children by allergic, mild-moderate asthma [2] .
The treatment of rhinitis in the child with allergic sensitization starts with the removal of the allergen(s) the child is allergic to, to reduce ongoing inflammation as best as possible [3, 4] . Environmental control measures are most useful when installing several at a time, e.g., for a house dust mite-sensitized child, these could include removal of carpet, furnished upholstering, improve ventilation, keeping furry toys in a closed cage, and mattress encasement [3, 5] . However, most allergens are difficult to avoid completely; thus, environmental control measures can only partially reduce symptoms. In a second step, symptoms should be controlled with medication: antihistamines (systemic or local) are useful when rhinorrhea, sneezing, and pruritus are the main complaints, but when the disorder is more severe, long-standing, or the symptoms include nasal obstruction, it is generally necessary to add topical corticosteroids to the treatment [6] . In children, rarely short courses of systemic steroids are needed and depot corticosteroids should be avoided at all costs.
As for oral antihistamines the right group of medication should be selected: first-generation, sedating antihistamines can have deleterious effects on school performance and quality of sleep. Most new secondgeneration antihistamines are almost devoid of CNS penetration and thus should be the group of oral H1 antihistamines prescribed. Among the secondgeneration antihistamines, there is still a difference in CNS penetration and-especially for children-those with hardly any sedative effect would be best, although some are so new that till now only approval for the 12-year and higher age groups has been obtained.
As for corticosteroids, those with the lowest bioavailability should be selected in children.
Finally, many children with an atopic background shall eventually continue the allergic march. Till now, allergen immunotherapy (AIT) is the only treatment directed at the underlying cause of allergy. As the sublingual route offers a non-invasive method with a good safety profile, the World Allergy Organization (WAO) guidelines on sublingual immunotherapy recommend starting SLIT in the early stages of the disease. To obtain the best effect, the sooner the treatment is started-once a clear sensitization is documented-the better. And to obtain a longlasting effect from AIT, it is recommended for a duration of at least 3 years, but this recommendation is based on adult trials [7] .
Treatment options for pediatric allergic rhinitis
Although there are other treatment options for allergic rhinitis in children, see Table 1 , the focus of this paper shall be on allergic sensitization and the treatment related to that: allergen immunotherapy.
Allergic sensitization and avoidance
Allergen avoidance is the first step in the management of any allergic disorder. For pediatric allergic rhinitis, sensitization profiles have been reported for some study populations. Italian investigators [9] did skin prick test (SPT) in over 1300 children and found that 6.2 % of the patients were pollen-monosensitized, and 84.9 % were sensitized to ≥3 pollens. Moreover, they showed that a longer allergic rhinitis (AR) duration was significantly associated with moderate-tosevere AR symptoms (p=0.004), asthma (p=0.030), and oral allergy syndrome (pG0.001).
In Mexico, the main sensitizing allergen in allergic rhinitis in children and adults was the house dust mite Dermatophagoides pteronyssinus in all climatological zones, from the dry North of the country till the humid southeastern areas where house dust mite (HDM) sensitization reached almost 90 %. Grass pollen sensitization was to the tropical grass, Cynodon dactylon, and ash and oak pollen were the main tree allergens. The only exception is the central part of the country, where agriculture is one of the main income sources and grass pollen is the prime sensitizer [1] . In this epidemiological study, children had mostly intermittent moderate-severe, perennial allergic rhinitis and asthma was a comorbid condition in more than half of the children [2] .
A retrospective review of all children diagnosed with chronic rhinosinusitis in a large tertiary-care pediatric hospital in Boston over a 10-year period showed that 26.9 % had allergic rhinitis. As a consequence, the authors strongly recommend to consider formal allergy testing, guided by clinical history and regional allergen sensitivity prevalence, in all children with chronic rhinosinusitis (CRS) and in particular in those with reactive airway disease [10] . These investigators went further on to determine the sensitization profiles of the children with CRS and AR and found this was very similar to that reported previously for children with only AR: indoor aeroallergen sensitivities (63-100 %) were more prevalent than outdoor aeroallergen sensitivities (44-50 %) and the most common indoor aeroallergen sensitivity was to dust mites (50- CS corticosteroid, AIT allergen immunotherapy Although allergen avoidance is the first recommended action step, it has been hard till now to show a clear positive impact of HDM exposure constraint measures. That is why the Practice Parameters on Environmental Control for house dust mite allergy makes a suggestion to implement HDM avoidance measures, without strongly recommending it. Also, the Parameters stresses that the best results shall probably be obtained when a combination of various methods is applied [3] . In another perspective, interesting results of an epidemiologic survey in 292 children with acute lymphoblastic leukemia and the presence or absence of allergy and allergic sensitization was reported by a group of Greek investigators. They showed that a self-reported-allergic history overall (odds ratio (OR) 0.49, 95 % confidence interval (CI) 0.34-0.72) and practically each one of its main components (respiratory, food, any other clinical allergy) were strongly and inversely associated with ALL. Likewise, the serum IgE inverse association was of the same magnitude (OR 0.43, 95 % CI 0.22-0.84) mainly contributed by food IgE (OR 0.39, 95 % CI 0.18-0.83) [12] .
Allergen immunotherapy Correct diagnosis
For correct and effective AIT, both SLIT and subcutaneous immunotherapy (SCIT), the correct patient selection is crucial. For the selection of the optimal candidates for AIT in the first place, a detailed clinical history should be taken, in which the physician-expert in allergic diseases-intentionally looks for activation of symptoms in relation to a probable exposure to the allergen(s).
Generally, the design of clinical trials takes good care of the correct patient selection in the inclusion and exclusion criteria and patients are only selected to be recruited when they have at least a certain symptom score during the run-in phase. In some trials, even an observational year precedes the treatment year. However, this is not always the case, as was shown by recently published study outcomes in the Journal of Negative Results: a phase III trial of sublingual immunotherapy with a 2800 BAU grass tablet in adult patients with grass pollen-induced allergic rhinitis, with or without conjunctivitis, with or without asthma, did not demonstrate significant symptom improvement versus placebo. Lack of a relationship between pollen count and symptom scores in the population included and post hoc findings of symptom scores among subjects with low pre-seasonal symptoms suggest that the symptoms reported in this study were not primarily reflective of the effects of grass pollen exposure [13] .
After this first phase, purely based on history, which ends with the suspicion of causal allergen(s) per patient, the presence of specific IgE has to be demonstrated. Nowadays, there are several methods for showing the presence of specific IgE, but the skin prick test with high-quality extracts is still mostly used. Recent findings showed in adults a better treatment effect in the group with both SPT and serum IgE positivity [7] and preliminary data of a pilot study in children with house dust mite allergy documented results in this same direction: the best results of a 3-year course of SLIT were seen in the group that had serum sIgE levels for HDM 910 kU/l as compared to those with a serum sIgE below that limit [14] .
Primary and secondary trial outcome measures
One last issue to consider, before discussing trial results, is related to the primary and secondary outcome measures selected in the trials. As was recently debated [15, 16] , it is not easy to capture the complete impact of AIT in simple measures, and it is even harder to do so in pediatric trials, where the subjective outcome measures generally shall be reported by a third party: the caretaker. The complete effect of AIT goes beyond a simple lowering of allergic symptoms and medication score, as allergy affects the general well-being. As such, lately, several new outcome measures have been tested, more related to the general well-being, e.g., the quality of life questionnaires. Dutch investigators analyzed the pediatric and adolescent disease-specific rhinoconjunctivitis quality of life questionnaire, concluding they are relevant, but the investigators suggest they could be shortened as there is a substantial number of irrelevant items in the original questionnaires. They also analyzed the usefulness of the generic COOP/WONCA charts finding them not relevant in the monitoring of children and adolescents with allergic rhinoconjunctivitis caused by grass pollen. Finally, the investigators' opinion concerning the retrospective global assessment of symptoms (GAS) is that it does not sufficiently reflect the actual symptoms during the preceding season [17] .
That allergen-specific bronchial provocation testing might be a useful method to assess the efficacy of AIT was reported in house dust mite allergic asthmatic children. After SCIT, the patients' allergen-specific bronchial hyperreactivity (BHR) was significantly improved (PD20 FEV1 before SCIT: 34.4 and after 63.3 AU (pG0.01)), while this parameter remained unchanged in the control group. Moreover, the team was able to differentiate between the responders (n=17, 60.7 %) and non-responders (n=11, no improvement in BAP). The patients in both groups stated that SCIT had led to a subjective improvement in their symptoms, in contrast to the untreated control group, but only the responders required less medication after SCIT (pG0.01). As the study was conducted in a small group of patients, the results need confirmation in a larger trial [18] .
Other objective outcomes measures are the biomarkers. After 6 months of HDM SLIT in 116 children with allergic rhinitis, only the well-controlled group showed a statistically significant decrease in IL-5 and TIM-1 and an increase in IL-10 compared to baseline [19] . An in-depth discussion of several other promising biomarkers [20] [21] [22] [23] goes beyond the scope of this review.
Apart from the use of correct outcome measures, the inclusion of a randomly assigned control group is crucial, as was shown by Narkus et al. when investigating the placebo effect in AIT trials. The mean placebo effect in grouped adult SCIT trials was up to 41 % in the second treatment year, but only 1 % in the SLIT trial [24] . However, no such data have been published till now in the pediatric age group.
Efficacy in SCIT trials
A complete review of the latest literature consisting of randomized controlled and open controlled trials on SCIT in the pediatric population was published in 2011 [25] . All publications on SCIT in pediatric patients from January 2006 onward were reviewed. Study design was not a restriction for articles to be included, but their scientific quality was evaluated using the Grading of Recommendations Assessment, Development, and Evaluation and Jadad tools. Clinical, safety, and immunologic data were gathered. The scientific evidence produced by the 31 articles analyzed showed that there is high-quality evidence that grass pollen SCIT causes a reduction in the combined symptommedication score and increases the threshold of the conjunctival provocation test after termination of SCIT and still 7 years later. At the same time, the threshold of the specific bronchial provocation test and the skin prick test reactivity were improved. As for Alternaria SCIT, the reviewed trials in children showed improvement in medication scores, combined symptom-medication scores, and quality of life. Alternaria SCIT further augments the threshold in the nasal provocation test. High-quality evidence of house dust mite SCIT shows that asthma symptom and medication scores improve and emergency department visits and skin reactivity are reduced; moderate evidence indicates improvement in pulmonary function tests. Pollen SCIT prevents asthma (moderate evidence); evidence for long-term benefit of pollen SCIT (7-12 years after termination) is low to moderate. However, in the articles reviewed, there was inconclusive evidence for SCIT reducing new sensitizations. These data led the investigators to conclude that there is acceptable evidence that shows that grass pollen, Alternaria, and house dust mite SCIT are beneficial in allergic children.
In 2013, another group of investigators conducted a systematic review on SCIT and SLIT in children. In the 13 randomized controlled trials they found, with in total 920 children in the active plus control groups, the strength of evidence is moderate that SCIT improves asthma and rhinitis symptoms and low that SCIT improves conjunctivitis symptoms and asthma medication scores [26] .
Outside of these systematic reviews, very few new randomized trials on pediatric SCIT have been published. Over the past years, the inner-city asthma consortium has been studying the causes of asthma morbidity in children living in urban environments, one of the key contributors being cockroach allergy. As such, they sought to document immune responses to cockroach allergen and to provide direction for the development of immunotherapy for cockroach allergy, conducting four pilot studies. The aim of the consortium is to finally propose treatment options directed at the allergic cause of inner-city asthma in children.
First in an open-label study, the safety of cockroach SLIT in adults and children was assessed; then, they sought for biomarkers of cockroach SLIT versus placebo in a randomized, double-blind study in adults; they found a significantly greater increase in cockroach-specific IgE levels between the active and placebo groups (geometric mean ratio, 1.92; PG0.0001) and a trend toward increased cockroach-specific IgG4 levels in actively treated subjects (P=0.09), but they were not able to detect any evidence of a functional blocking antibody response. Thirdly, a randomized, double-blind biomarker study of two doses of cockroach SLIT versus placebo in children was conducted (5-17 years, N=99;), reporting significant differences in IgE, IgG, and IgG4 responses between both active groups and the placebo group, although no consistent differences between the high-and low-dose groups could be shown.
As the results obtained with SLIT were not optimal, the investigators now proceeded with an open-label safety and biomarker study of cockroach SCIT in adults, with the intention to then move on to this treatment in children.
Contrary to the SLIT trial, in this last SCIT trial the treatment resulted in significant changes from baseline in cockroach IgE, IgG 4 , and blocking antibody levels. SCIT is immunologically more active than SLIT. In all studies, the safety profile of cockroach immunotherapy was reassuring.
Safety of pediatric SCIT
No major issues concerning SCIT safety in children have been published lately. Preliminary reports of a survey conducted among members of the American Academy of Allergy, Asthma and Immunology showed that SCIT is given before the age of 5 by a third of the respondents, with a total experience of the respondents in this age group of over 2000 children and a reported rate of major problems that led to the interruption of SCIT for medical reasons below 1 % [27] .
In Great Britain National Health Service (NHS), AIT practice patterns of pediatric clinics were audited against national immunotherapy guidelines. Contrary to the British AIT guideline recommendations, 55 % of the treated children had asthma. Three quarters of these asthmatic children had asthma treatment at step 2 BTS/SIGN or above. Although adverse events were seen in almost half of the SCIT cycles, they were generally mild and not related in frequency nor in severity to the presence of asthma. Local adverse reactions in SLIT were reported in almost half of the children. Only 3 % interrupted AIT because of AE [28] .
In an attempt to unify the method of reporting of systemic adverse reactions to AIT, a group of experts published the WAO grading system of systemic adverse reactions to AIT [29] . This is not a specific pediatric system though, and its practical aspects still have to be improved further to make it widely applicable in practice.
Efficacy in SLIT trials
Lately, two systematic reviews of SLIT in children were published. The first one included all clinical trials of SLIT in the treatment of respiratory and food allergy in patients 18 years or younger, irrespective of their design. Once again, the quality of the scientific evidence from the trials was evaluated with GRADE. Both, clinical outcomes and immunologic changes were tabulated. Results: 29 of the 56 reviewed articles met the inclusion criteria. According to the investigators, new evidence is robust for the efficacy of the pre-coseasonal tablet and the drop grass pollen SLIT in allergic rhinitis in children and scarce for seasonal asthma. Some evidence for Alternaria SLIT efficacy is appearing. For house dust mite (HDM) SLIT in asthma, there is high-quality evidence for medication reduction while maintaining symptom control; evidence for HDM SLIT efficacy in allergic rhinitis is of moderate-low quality. There is moderate evidence for efficacy of dual grass pollen-HDM SLIT after 12 months of treatment, an effect still present 1 year after discontinuation. Specific provocation test results (nasal, skin) improve with grass pollen and HDM SLIT, but nonspecific bronchial provocation testing does not. No anaphylaxis was found among 2469 treated children.
The conclusions of the second systematic review from 2013, already mentioned above, were similar. Here, only randomized pediatric trials were included, summing up to a total of 18 pediatric SLIT studies (1583 children). According to the investigators, there was high-quality evidence that SLIT improves asthma symptoms and moderate-quality evidence that SLIT improves rhinitis and conjunctivitis symptoms and decreases medication usage. In the three included head-to-head comparison of SCIT vs. SLIT, the evidence is low to support SCIT over SLIT for improving asthma or rhinitis symptoms or medication usage [26] .
Safety of pediatric SLIT
Although there had already been several reports of eosinophilic esophagitis as an adverse reaction secondary to oral immunotherapy with certain foods [30] , there has now been one report of a confirmed eosinophilic esophagitis secondary to grass pollen SLIT, be it in an adult patient [31] . Just as for SCIT, the need for a uniform method of reporting the adverse reactions to SLIT led to the construction of a WAO grading system for the reporting of local adverse reactions, published by Passalacqua et al. [32] Allergen immunotherapy efficacy in real life
To apply AIT in the clinic and translate data obtained in clinical trials to day-to-day practice apart from the above, several other issues have to be taken into account.
Quality of the extracts
Although the pooling of data on all trials conducted with SCIT or SLIT improves the quality of evidence of the data by augmenting the total number of patients treated and well-conducted systematic reviews may enhance the scientific quality of conclusions, there is a certain danger inherent to this kind of analysis: the over-generalization of the results. Pooling all data from well-conducted clinical trials and using the outcome of this kind of analysis to conclude on the efficacy of all SCIT or SLIT do not give the needed importance to the quality of products used to conduct the trials. Although a highly concentrated sublingual drop extract can have positive outcomes, this does not allow us to conclude that all sublingual drops, whatever their concentration, can be effective. Thus, the conclusions drawn from SLIT and SCIT trials hold only true for the studied products.
Issues of mono-and multisensitization and mono-multi allergy
The efficacy of AIT in clinical trials has almost exclusively been shown for AIT with one allergen only (mono-allergen immunotherapy), both for SCIT and SLIT. However, in many parts of the world, patients are often polysensitized [1] and poly-allergic. One of the very few trials, if not the only, showing multiallergen SCIT is effective in children dates back more than 50 years [33] . For SLIT, the efficacy of dual-allergen immunotherapy in HDM pollen dual allergic children and adults was documented with positive changes in both, clinical and immunological parameters [34] . However, several years ago, a 10-allergen mix had been found of no use, even though the adequate concentration of the study allergen was maintained [35] .
In this sense, the expert should bear in mind to carefully select only those very few allergens of importance in the patient's pathology and to only combine a minimal number of allergens in one vial, especially for SLIT.
Compliance
One of the major problems with AIT in everyday practice is the low compliance rate. This had already been pointed out by Hankin et al. when reviewing Florida Medicaid data [36] . It was also very recently pointed out by Dutch investigators: overall, only 18 % of AIT children and adolescents reached the minimally required duration of treatment of 3 years. The numbers were somewhat better for SCIT-23 %-than for SLIT-7 %. The median durations for SCIT and SLIT users were 1.7 and 0.6 years, respectively (PG0.001). In this study, it was pointed out that a longer persistence on AIT treatment was related to the prescriber (longer if AIT was prescribed by a family physician vs. allergist), whereas a shorter persistence rate was related to single-allergen immunotherapy, lower socioeconomic status, and younger age [37] . Patient adherence is also related to economic stability of the population in general. During the financial crisis in Spain, patients have been less compliant with AIT [38] .
Recent findings agree on the fact that some interventions (i.e., patients' education, strict follow-up, regular contacts) could effectively improve the adherence [39] and the following Table 2 with actions to improve AIT adherence was proposed [40] .
Pharmacoeconomics of allergen immunotherapy
A positive finding from the same study by Hankin et al. relates to the total health-care costs of the treatment of adults and children with allergic rhinitis with or without AIT: already from the eighth month of SCIT onward, total treatment costs were lower than without AIT [36] .
Future
New modalities of AIT are under investigation, although none of them has been tested in children yet, recombinant allergens, hypoallergenic recombinants, Tstimulating peptides, and combination molecules, to name some [41] . Also, new administration routes are sought: some of which seem promising, Table reproduced from [40] , with authorization of editor
